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The following documents are referred to in this communication- 
pi : US 2001/018486 A1 (LICHTENHAN ET AL) 30 August 2001 f2001 08 
D2: 1*2008*18^ 

D3 : WO 03042292, published 22 May 2003. ' 
D4: US20030050408 

*om!l d 7 memS dSS0 ? be ""V**** com ^ thermoplastic material and polyhedml 
ana a. ne POSS in D1 can be added as monomer, polymer or copolymer 

Ss s rxscrr.' skx— ass- 

patentabiltiy of the main claim. Patentability of these claims thus depend on the 

A new main claim directed to the use of said composition would however seem allowable. 

-s mentioned 

wo* in, on line 2 10 >comprisin / from J?™ - - - Z 1- == nd,,e 

Furthermore, the definition of substituent X is unri^r in th«* , ■ 

X Th,s objecon also relates ,o groups such as silyl, siioxy.alMsifyi.alkoxysiiy,, ^ 



to a further oxygen atom, which in turn is substituted further. Oligomeric spherosilicates can 
be prepared by silylating suitable silicate precursors (D. Hoebbel, W. Wieker, Z. Anorg. Allg. 
Chem. 384 (1971), 43-52; P. A. Agaskar, Colloids Surf. 63 (1992), 131-8; P. G. Harrison, R. 
Kannengiesser, C. J. Hall, J. Main Group Met. Chem. 20 (1997), 137-141; R. Weidner, Zeller 
B. Deubzer, V. Frey, Ger. Offen. (1990), DE 38 37 397). For example, the spherosilicate wim 
the structure 2 can be synthesized from the silicate precursor of the structure 1, which in turn 
is obtainable from the reaction of Si(OEt) 4 with choline silicate or by the reaction of waste 
products from the harvesting of rice with tetramethyl ammonium hydroxide (R. M. Laine, I. 
Hasegawa, C. Brick, J. Kampf, Abstracts of Papers, 222nd ACS National Meeting, Chicago, 
IL, United States, August 26-30, 2001 , MTLS-01 8). 
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The silasequioxanes and the spherosilicates are both thermally stable at temperatures up to 
several hundred degrees Celsius. 

The present invention provides a transparent masterbatch for improving the surface properties 
of thermoplastics comprising at least one polymer selected from polyester, copolyester, 
copolyamide, cyclic olefin copolymer (COC), polymethyl methacrylate, polyphenylene ether] 
polyurethane, polysiloxane, polysilane, polytetrafluoroethylene, polyoxymethylene, polyvinyl 
chloride, vinyl chloride copolymer, polystyrene, acrylonitrile-butadiene-styrene copolymers 
(ABS polymers) or styrene-acrylonitrile copolymers (SAN polymers), said masterbatch 
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containing from 10% to 60% by weight nf nA i«t, M h. i i- 

° ywei Sn t of polyhedral ohgomeric silicon-oxygen cluster units 
in accordance with the formula 

[(RaXbSiO,.^ (RcXdSiO),, (ReXfSbO^ (RgXhSiaOaU 

5 

where: 

a, b, o = 0-.; d = U2; ., f, g - 0 -3 ; h - M; m+n+o^ * 4; a+b - „ cM = 2; ^ 3 am, ^ 

■0 l™^ 8 ™ atan ' ^ CyC, °" lky! ' *"* Wy»y' g™P or 

ohgomenc athcon-oxygen cluster units ahached ^ . polymer ^ „ „ » yhe * al 

X = oxy, hydroxy, alkoxy, catboxy, silyl, alkylsilyl, alkoxysilyl, siloxy alkvlsiloxv 

tsocyanate , b.ocked tsocyanate, aoylate, mediate, nitrite, amino, phosphine or poIyeth ^ 

" ffOUP ° rSUteH ^»^«Rc„nteini„ g a. I eas t ona S uch g rou P „f, ype x 

the substitue»«s of type R being identiea. or different and the subsumem! of type X beinn 
tnennea. or different and from <o* to ^ by weight rf . _J ^ 

20 ^ ^ S ^ &r PrePari " 8 2 « *ennop.aatio, which 

20 compnses mtxtng one part by weigh, masleibatch of fte P ^ 

Ita IT " 3 them,0P,aS,iC ^ — ^ — — - • 



further 



• Vicparea oy tfte process of the 

~ - — n of the po.yhe.hn, oHgomeHc silicon-oxygen duster 2 

in the polymer composition is not more than 5% by weight. 

The mastered of the invention has the advantage over the prior ar, that the poiyhedre, 
ohgomenc atUcon-oxygen Custer units are present in extreme* fine* divided ft™ m the 

matelial: 10 ^ *" Si ~ ° f o.igomenc 

motgantc ,n nature and have a parUde size which is above the waveiength of visible light. 
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Tto masterbateh of .he invention is totef-ore highlv ^ for me prepaiatjon of trans ^ ( 
torrnoplastics. The pUstics prepared by means of to masterbateh of to invention 
ftrthermore, disptay a transparency, provided to. the plastic was aheady transparent before 
the masterbateh was added. As wel. as to positive aspect in r e .a.ion to to transparency i, is 
s also possibte for to addition of to masterbateh of to invention to mise to scrateh resisLce 
as compared with to plain thennoplastic. A fortor advantage of to masterbateh of the 
mvenuon is to increase in the g.asa transition temperature of to tormoplastic. Another 
advantageons featere of to masterbateh of to invention is tot to taculity of to 
thermoplastics prepared from ft is enhanced. Moreover, to masterbateh' of the invention 
10 featares good processing „ ropetti(!s . Use ofthe masterbateh of me ^ ^ 

m ^increase in to scrateh resistance of to plastic, wim retention of flight teansnrittance 
but also in an increase in to thermal stability and in an increase in to electrical resistance to 
contradiction to many conventional additives, it is possible, by way of the substitute of 
to polyhedral oligomerie silicon-oxygen cluster units, to control to behavior of to 
13 ° f imWa °» — *• to influence to properties of the piastre which 

resu.ts from it The physical and chemica! properties can therefore be tailored. The polarity 
can be set by way of to snbstrtaents of type R and X on to polyhedral oligomerie silicon- 
oxygen clu*er units. By way of to different stiucmre and polarity of these substituents i, is 
posstble to control whether to polyhedral oligomerie silicon-oxygen cluster units will have a 
20 more organic or more inorganic character. Depending on structure, to polyhedral 
masterbatches of to invention can have great thermal stability. 

Tie transparent masterbateh of to invention for improving to surface properties of 
thermoplastics inventively contains from 10% to 60% by weight of polyhedral oligomerie 
25 silicon-oxygen cluster units in accordance with to formula 



30 



[(R.XtSiO,.:^ (R.XjSiO). 0UX,Si 2 Oa. 5 )„ (RsXiSirOA 



,] 



where: 



a,b,c-0-l;d-l-2;e 9 f,g=O-3;h=l-4-m^^>4;a+b = l;c + d = 2;e + f=3 and g+h 
4j 



a 



10 



r hydr ° gen at ° m ' 8lkyl ' Cyd0aIk y 1 ' H**. cycloalkenyl, alkynyl, cycloalkynyl group or 
polymer unit, each substituted or unsubstituted, or further functionalized polyhedral 
oligomeric silicon-oxygen cluster units attached via a polymer unit or a bridging unit 
X - oxy, hydroxy, alkoxy, carboxy, silyl, alkylsilyl, alkoxysilyl, siloxy, alkylsiloxy 
alkoxysiloxy, silylalkyl, alkoxysilylalkyl, alkylsilylalkyl, halogen, epoxy, ester, fluoroalkyl' 
isocyanate, blocked isocyanate, acrylate, methacrylate, nitrile, amino, phosphine or polyether 
group or substituents of type R containing at least one such group of type X, 
the substituents of type R being identical or different and the substituents of type X being 
identical or different and from 40% to 90% by weight of a thermoplastic carrier material 



~. , ,„vcuuun comams preterably from 20 to 50% by weight of polyhedral 

ohgomenc silicon-oxygen cluster units and from 50% to 80% by weight of the thermoplastic 
earner material, more preferably from 20% to 40% by weight of polyhedral oligomeric 
silicon-oxygen cluster units and from 60% to 80% by weight of the thermoplastic carrier 
15 material. 

Preferably the thermoplastic carrier material comprises at least one polymer selected from 
polyester, copolyester, polymethyl methacrylate or copolyamides. 

20 m one particular embodiment of the masterbatch of the invention the thermoplastic carrier 
matenal comprises further additives, examples being heat stabilizers and light stabilizers 
optical brighteners, antistats, lubricants, antiblocking agents, fillers, dyes or pigments - 
depending on the subsequent use of the plastic. 

25 The polyhedral oligomeric silicon-oxygen clusters of the masterbatch of the invention 
preferably contain substituents of type X, which represent an amino, hydroxy, carboxy 
isocyanate, epoxy, polyether, alkoxysilyl, siloxy, alkylsiloxy, alkoxysiloxy or alkoxysilylalkyl' 
group. The polyhedral oligomeric silicon-oxygen clusters preferably contain a substituent of 
type X selected from alkoxysilyl, siloxy, alkylsiloxy, alkoxysiloxy, alkoxysilylalkyl, amino 

10 hydroxy, isocyanate or epoxy group. With particular preference, however, the substituent of 
the type X or of the type R contains a vinylic group. 

On the basis of their molecular character the nnlvli^H^i ~i- .,• 

wiar wiaracier me polyhedral ohgomenc silicon-oxygen clusters of 
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* 

the of ^ a ^ defined 

parbcuiar embodiment of to maaerbatch of the invention «he poiyhedta, ongotJric silicon! 

1,35 * """^ Wei8h ' ° f « ,eaSl 400 ^°>> — P-f-b.y 

fron,400 to2 500^m„ 1> a„ < iwifl 1 p ar «icu.arp re ferenoefio 1 „600,o 1500g/mol. 

T%e modular size of the poiybedm, ohgomeric siticon-oxygen clusters of the maaterbatch of 
,he »v«on can be increased by joining two or more po.ybedraJ otigomeric siiicon-oxygen 
duster um«s, flntctionalizen with two reactive groups X, by tneans of condensation by wty 
for exampie, of a spacer and/or of the functional groups of the substituen, of type X 

™ZTX C rT S ° ^ ^ " y ^ of on or .polymerization T*e 

2" ° f ~° oligonterie siticon-oxygen cluster which 

preferebly have a molecular size of no, tnore dtan ,00 out, m ore prefereb.y no, more ^ 
50 nm, veo, prefembly no, tnore than 30 nm, and win, particular preference no, more than 

I, can be advanbtgeous for the mastetbatch of the invention to comprise polyhedral otigomeric 
sihcon-oxygen cluster unit based on the structure 3 

\ S* 
/ ? V f 

\S S '~°J° 



X 8 



20 3 



25 



where X - substituen, of type X or of type -0-SiX 3 , x' - substituen, of type X, of type 
-O-SiX* oftypeR, of type -O-S0CR, of type -0-SKR 2 or of type -O-SIR,, 
R = hydrogen atom, alkyl, cyeloalkyl, alkenyl, cycloalkenyl, alkynyl or cycloaUcynyl 



further 



polyhedral oligomeric silicon-oxygen cluster unite »***~u a • 

yB u wu^er units, attached via a polymer unit or a 
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bridging unit, 

X = oxy, hydroxy, alkoxy, carboxy, silyl, alkylsilyl, alkoxysilyl, siloxy, alkylsiloxy 
alkoxysiloxy, silylalkyl, alkoxysilylalkyl, alkylsilylalkyi, halogen, epoxy ester 
fluoroalkyl, isocyanate, blocked isocyanate, acrylate, methacrylate, nitrile ' amino' 
5 phosphine or polyether group or substituents of type R containing at least one such 

group of type X. 

The polyhedral oligomeric silicon-oxygen cluster unit of the masterbatch of the invention is 
preferably functionalized; in particular, the polyhedral oligomeric silicon-oxygen cluster unit 
10 represents a spherosilicate unit in accordance with the formula 

[(R^O^o (R g X h Si 2 0 2 ) p] where e, f, g = 0-3; h = 1-4; o+p 2> 4; e+f = 3 and g+h = 4, 

but preferably a functionalized oligomeric spherosilicate unit, but more preferably a 
15 silasesquioxane unit in accordance with the formula 

[(RaXbSiCs^ (RcXaSiO),,] where a, b, c = 0-1; d = 1-2; m+n ;> 4; a+b = 1; c+d = 2, 

but very preferably a functionalized oligomeric silasesquioxane unit. Very particular 
20 preference is given to nucleating agents based on an oligomeric silasesquioxane unit in 
accordance with structure 4, 5 or 6, 
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1. 



A transparent masterbatch for improving the surface propel of aetmoplastics 
oompnsing at leas, one polymer selected from po.yea.er, copo.yes.er, eopolyamide 
cyehe o.efln copo.yn.er (COC), po.yme.hy. mediate, po.ypheny.ene edrer' 
polyurethane, po lys i.oxane, po.ya.toe, po.ytetmfluoroemylene, po.yoxynremy.ene* 
po.yv.ny. chforide, viny. chloride copo.ymer, p ol ys*rene, ery.oni«.e- tate die„e-' 
atyrene copolymer (ABS pofymem) or a.yrer.e-acry.onitt.e copolymers (SAN 
polymers), aaid masterbatch containing from 10% ,„ «>% by W eigh, of polyhedral 
obgomenc silicon-oxygen cluster units in accordance with the formula 

KRASiOuV (IWCSiO). (R^CSfaOis). (RgXhSiaQ,),] 
where: 

a,b 5 c=0.1;d=l-2;e 3 f > g = 0-3;h=M; m+n+o+p > 4 . a+b = 1;c+d= f=3 
and g+h = 4; 

R - hydrogen a«„m, a.kyl, cycloaUty., aUcenyi, cycloalkeny,, ajky„ yl , cycloalkynyl 
group or polymer unit, each subsntuted or unsubs.itu.ed, or further functionalized 
polyhedral oUgomeric suicon-oxygen cluster units attached via a polymer unit or a ' 
bridging unit, 

X = oxy, hydroxy, alkoxy, caAoxy, ally., alkylsilyl, alkoxysilyl, siloxy, alkylsiloxy, 
afcoxysrioxy, sily.alkyl, a.koxysily.aUcy., aUcy.aily.alky., halogen, epoxy, ester 
fluoroalky!, iaocyanate, b.ocked iaocyanate, acrylate, me.hacry.ate, niWe, amino' 
phoaplune or polyemer group or substituents of type R containing at .east one such 
group of type X, 

the substituents of type R being identical or different and me substituents of type X 
bemg identical or different and containing from 40% to 90% by weight of a 
thermoplastic carrier material. 

A masterbatch as claimed in claim 1, wherein the silicon-oxygen cluster unit 
compnses not more than 1 substituted of type X. 

A masterbatch as claimed in claim 1 or 2, wherein the, th^« i * 

' ucrem me thermoplastic earner material 

compnses further additives. 
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11. 
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A masterbatch as claimed in at least one of claims 1 to 3, wherein the thermoplastic 
carrier material comprises at least one polymer selected from polyester, copolyester, 



polymethyl methacrylate or copolyamides. 



5. A masterbatch as claimed in at least one of claims 1 to 4, containing from 20 to 50% 
by weight of polyhedral oligomeric silicon-oxygen cluster units and from 50 to 80% 
by weight of the thermoplastic carrier material. 



A masterbatch as claimed in at least one of claims 1 to 5, wherein the polyhedral 
oligomeric silicon-oxygen cluster unit has a molecular size of not more than 100 nm. 



A process for preparing a transparent thermoplastic, which comprises mixing one part 
by weight of the masteibatch of at least one of claims 1 to 6 into from 3 to 1 1 parts by 
weight of a further thermoplastic polymer mechanically without solvent at a 
15 temperature of at least 50°C. 

8. A transparent thermoplastic prepared by a process as claimed in claim 7, wherein the 
concentration of the polyhedral oligomeric silicon-oxygen cluster units is not more 
than 5% by weight. 



A transparent thermoplastic as claimed in claim 8, whose scratch resistance is higher 
than that of the plain thermoplastic. 



10. A transparent thermoplastic as claimed in claim 8 or 9, whose glass transition 
temperature is at least 5% higher than that of the plain thermoplastic. 



A transparent thermoplastic as claimed in at least one of claims 8 to 10, having a soft, 
velvety, • Velour like" tactility. 



\ 
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